Percutaneous radiofrequency ablation (RFA) is widely used as an effective treatment of liver tumors. Several reported complications associated with RFA are due to thermal damage of neighboring organs. The present report presents a case of diaphragmatic hernia associated with RFA and hepatocellular carcinoma (HCC). A 72-year-old woman with S5 and S8 HCCs was treated repeatedly with RFA and transcatheter arterial chemoembolization for 3 years. After the third course of RFA to target the recurring S5 HCC, acute abdominal pain and dyspnea suddenly occurred. Contrast-enhanced computed tomography revealed intrusion of the transverse colon through the right diaphragmatic hernia. In addition, the colon was dilated and showed changes suggestive of ischemic conditions. An emergency surgery was performed to close the hernia by using non-absorbable sutures to preserve the colon. The patient was discharged without any complications 13 days after the surgery. The first-line treatment of this disease involves surgical intervention. Diaphragmatic hernia is a rare complication of RFA. The present case suggests that patients who undergo several rounds of RFA require surveillance for diaphragmatic hernias.
Background
The incidence of hepatocellular carcinoma (HCC) has been increasing worldwide, making HCC one of the most common malignant tumors [1] . Liver resection provides enhanced long-term survival, with a 5-year overall survival rate of around 60 % [2, 3] . These results are reflected by developments in the surgical techniques and perioperative management approaches for HCC. Liver resection is the first-line intervention for patients with preserved liver function and fewer than three liver tumors. Alternative treatments include radiofrequency ablation (RFA) and transarterial chemoembolization (TACE). RFA is widely accepted as a minimally invasive treatment of HCC, with low risk of complications, especially when compared with liver resection (LR). However, the efficacy of RFA is inferior to that of LR [4, 5] . Reported complications of RFA include bleeding, abscess formation, biliary fistula, pneumothorax, hepatic insufficiency, and, more infrequently, diaphragmatic hernia [6] [7] [8] . Herein, we present a rare case of delayed diaphragmatic hernia due to frequently performed RFA for HCC treatment.
Case presentation
A 72-year-old woman was admitted to our hospital because of acute pain in the right hypochondrium. In 2011, she was diagnosed with hepatitis C virus-related liver cirrhosis (Child-Pugh grade B) and HCC. RFA and TACE were first introduced for S5 HCC. After the first treatment, the HCC did not recur; however, S5 HCC recurrence was detected on dynamic computed tomography (CT) in September 2013. Follow-up CT was performed every 3 months after the RFA. After several courses of RFA therapy targeting the recurring HCC, a sudden, strong right upper abdominal pain and dyspnea occurred in 2015. The last RFA therapy session was performed 15 months before the symptom onset. Abdominal radiography revealed a massive abnormal free air on the right side under the diaphragm (Fig. 1) . Hence, the patient was transferred to our hospital under the suspicion of acute abdomen. The vital signs were not remarkable as follows: blood pressure, 136/ 90 mmHg; pulse rate, 107/min; and SpO 2 , 96 % (room air). In a physical examination, acute pain was found in the right hypochondrium. Laboratory findings did not demonstrate any abnormalities, including white blood cell count or C-reactive protein level. Chest radiograms showed lower right pulmonary opacity and left mediastinal shift. Contrast-enhanced CT revealed that the transverse colon was intruded through a diaphragmatic hernia and the colon was well enhanced (Fig. 2a, b) . As the diagnosis included a right diaphragmatic hernia with suspicion of a strained colon, an emergency surgery was performed. The surgery revealed a transverse colon inserted in the right pleural cavity via the diaphragmatic hernia, which was 10 cm in diameter (Fig. 3) . The location of the RFA-treated tumor matched the site of the diaphragmatic hernia. The intruded transverse colon did not show necrosis. Thus, after dissolving the hernial intrusion, the hernia was simply closed by using nonabsorbable sutures. The overall surgery time was 85 min, and the amount of bleeding was 650 ml. After the surgery, the patient was discharged without any complications.
Diaphragmatic hernia is a rare late-onset complication associated with RFA. Repetitive RFA for HCC makes the diaphragm fragile due to thermal damage [6, 9] . The present case required an emergency surgery because the transverse colon was intubated through the diaphragmatic hernia. After three courses of RFA, contrastenhanced CT revealed the sudden emergence of a right diaphragmatic hernia. Shibuya et al. suggested the rarity of late-onset diaphragmatic hernia, highlighting that only six cases of RFA-related iatrogenic diaphragmatic hernia have been reported [10] . Recent reports have shown that laparoscopic methods of diaphragmatic repair have been effective in elective settings [7] . The surgical approach could depend on the timing of the surgery and the association with other organ intrusions of the hernia, making it difficult to obtain a working space for laparoscopic repair. To prevent additional damage due to hernial intrusion, this disease should be treated as soon as diagnosis is confirmed.
In general, according to liver function and tumor stage, percutaneous treatment is selected for local liver tumors; however, its efficacy could not match to that of other methods such as LR and liver transplantation [5, 11] . Percutaneous RFA treatment was established as a promising therapy to maintain local liver malignancy; however, both acute and late-onset complications have been reported [12, 13] . In a study conducted in Italy, 2320 patients with 3554 lesions were enrolled, of whom 1610 patients had HCC with abnormal liver disease. Of the 1610 patients, six died owing to complications, including intestinal perforation, septic shock, tumor rupture, liver failure, and other unknown causes [9] . Major complications were intraperitoneal hemorrhage and intrahepatic abscess. RFA complications were subdivided into four categories as follows: thermal damage from heating and mechanical, septic, and other unexplained causes [6] . Regarding diaphragmatic hernia, only six cases associated with RFA have been reported (Table 1) [7, 10, [14] [15] [16] [17] . Of these cases, one was treated conservatively and the rest required surgical intervention.
Preventing this complication is impossible, but early diagnosis is possible by meticulous follow-up. Special attention should be paid in the occurrence of diaphragmatic hernia in patients who frequently receive RFA therapy in the right lobe, which is widely covered by the diaphragm.
The clinical characteristics of diaphragmatic hernia include right upper quadrant abdominal acute pain with dyspnea. Chest radiographic findings are sometimes misdiagnosed as gastrointestinal perforation because the colon gas in the chest wall may be disguised as abdominal free air. Contrast-enhanced CT plays an important role in the diagnosis and in determining if the intruded organs are necrotic. As diaphragmatic hernia requires surgical repair, recent reports demonstrated that laparoscopic simple closure is effective [7] . The laparoscopic approach for an acute abdomen is less invasive and promotes a faster recovery in patients with stable vital signs and no previous medical history of surgery [18] . Timely and accurate diagnosis of this disease is important because these patients have severe liver dysfunction; therefore, colon necrosis leads to poor prognosis even after curative treatment. Once diagnosed, surgical repair is required to prevent intestinal intrusion.
Conclusions
In conclusion, the present case suggests that frequent RFA therapy may render the right diaphragm fragile due to the frequent thermal damage. Special attention to diagnose delayed complications of RFA, such as diaphragmatic hernia, is warranted in such cases.
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